We show that the out-radius and the radius grow linearly, or "almost" linearly, in iterated line digraphs. Further, iterated line digraphs with a prescribed out-center, or a center, are constructed. It is shown that not every line digraph is admissible as an out-center of line digraph.
Introduction
Line digraphs are useful and important in various problems. In this paper we concentrate on iterated line digraphs, and on their radii (in [4] the diameter and average distance of iterated line digraphs are studied). In [1] Aigner proved the following theorem. Here, r + denotes the out-radius of a digraph. We extend this result to a larger class of digraphs (see Lemma 3.2) . This enables us to examine the behavior of radii of iterated line digraphs (Theorems 3.3, 3.4, and 3.6). In particular, it is shown that if D is strongly connected then the out-radius of Let u be a node in D. Then: out-eccentricity of u is e 
. This observation allows us to restrict our considerations to radii r + and r and to centers C + and C only.
Definitions not included here can be found in [2] or [3] . Let D be a digraph, and let u be a node in L i (D). Then the 0-history of u, B 0 (u), is simply (u); and for j ≥ 1 the j-history of u, B j (u), is a sequence of nodes (
Clearly, the sequence x 0 , x 1 , . . . , x j determines a trail in L i−j (D), and there is one-to-one correspondence between the j-histories (i.e., the trails of length j in L i−j (D) ) and the nodes in L i (D). The j-history B j (u) will be abbreviated to a history B(u) if i = j. Note that the history allows us to represent a node of L i (D) in D. The following lemma enables us to count distances in L i (D) using the distances in D. Clearly, if there is no required trail in
We remark that in Lemma 2.1 the subtrail x i , x i+1 , . . . , x n−i is a path and
Radii in Iterated Line Digraphs
First we introduce results concerning the out-radius of iterated line digraphs.
Lemma 3.1. Let D be a digraph with out-radius t < ∞ and let u be a node in the out-center of
. . , z i ), and let u, y 1 , . . . , y n be the shortest trail in D such that
By Lemma 3.1 if a digraph D with out-radius t < ∞ contains no cycle and
Lemma 3.2. Let D be a digraph with out-radius t < ∞ and let u be a node in the out-center of
Theorem 3.3. Let D be a digraph no two of whose cycles are joined by a path, and assume that D contains at least one cycle. Then there are numbers k and t such that for every
P roof. Since D contains cycles, no two of which are joined by a path, there are numbers
Now we prove the main result concerning the out-radius. 
(u) < ∞, there are paths P 1 and P 2 from u j to C 1 and C 2 , respectively. For k = 1, 2 denote by B k the trail starting at u 0 , traversing B(u), P k , and then continuing once around the cycle C k . Clearly, both B 1 and B 2 can be completed to i-histories, say B i (x i ) and B i (y i ), for every sufficiently large i. As (a 1 , a 2 , . . . , a l 1 , a 1 , a 2 
with finitely many (at most r + (L j (D))−j +l) exceptions. Hence, there are numbers k and t such that r + (L i (D)) = i + t for every i ≥ k, as required.
From now on we consider the radius (as opposed to the out-radius) of iterated line digraphs. Since r(D) < ∞ if and only if D is strongly connected, we consider only nontrivial strongly connected digraphs. 
Let u be a central node in D, and let C be the shortest cycle in D containing u, C = (u, a 2 , . . . , a l , u). Then there is a node
(take a trail going j times around C for B(x)). By Lemma 3.5 we have (a d , a d−1 , a d , . . .) , we have e
Centers in Iterated Line Digraphs
A digraph D is antisymmetric if and only if uv / ∈ E(D) for every vu ∈ E(D). We remark that if D is an antisymmetric strongly connected digraph, then there is an antisymmetric digraph Figure 1 Theorem 4.2. Let D be a digraph that is not strongly connected with
, and let t = r + (L(H)). Clearly, e + L(H) (u) = t < ∞ for every node u in F . As D is not strongly connected, there are nodes x and y in F such that
Denote by P a path from x to y in L(H). Let w be the last node on P that is not in F and let v be a successor of w in P . Since id F (v) ≥ 2, there are nodes v 1 and v 2 in F such that
It is well-known that if x 1 y 1 , x 1 y 2 , and x 2 y 1 are arcs in a line digraph, then so is x 2 y 2 (see e.g. [ 
From now on we consider the centers (instead of the out-centers) in iterated line digraphs. Here, the situation is different since each i-iterated line digraph is admissible as a center of i-iterated line digraph, i ≥ 0. 
Let u be a node in L i (D). As e H (x) = 3k−1 for every node x of D, we have e L i (H) (u) ≤ 3k−1+i, by Lemma 2.1. Let v be a node in L i (H), for which We remark that if D is an antisymmetric digraph and 
and H ′ is strongly connected. Thus, there is a cycle, say C 1 , in H ′ passing through a node, say x, of D ′ such that C 1 ⊆ D ′ . Let C 2 be a cycle of length l 2 ≤ l in D ′ passing through the node x (i.e, the arc x of D). Denote by l 1 the length of
, and x is the initial and terminal node of both B(a) and B(b). (The B(a) circles l 2 times around C 1 and B(b) circles l 1 times around C 2 .) In what follows we show that
We have e H ′ (x) = r(H ′ ) = t. Suppose that e H ′ (x) = e + H ′ (x) (the case e H ′ (x) = e − H ′ (x) can be proved similarly). Then there is a node y in H ′ such that d H ′ (x, y) = t. Since H ′ is strongly connected, there is a node u in L l 1 l 2 (H ′ ) with B(u) = (y, . . .). As t ≥ l ≥ l 2 , y is not in C 2 , and hence e L l 1 l 2 (H ′ ) (b) ≥ d L l 1 l 2 (H ′ ) (b, u) = t + l 1 l 2 , by Lemma 2. 
